Our goal is to improve understanding and use of numeric information (e.g., clinical test results) provided through portals to Electronic Health Record (EHR) systems by older adults with diverse numeracy and literacy abilities. We help older adults understand this information by emulating in portal environments best practices from face-to-face communication. To do this, we are developing a computer-based agent (CA) that will use nonverbal cues (e.g. voice intonation, facial expressions) as well as words to convey affective and cognitive meaning of the numbers and improve patient comprehension of the clinical information. The present paper describes a pilot study designed to evaluate the appropriateness and effectiveness of audio-video messages of a physician delivering clinical test results. These messages will serve as a template for the development of the CA. Older adult pilot participants generally understood the gist of the test results presented in the video messages. Participants' affective responses to the messages were appropriate to the message's level of risk: as the level of risk associated with the test results increased, positive affect decreased and negative affect increased. In addition, participants also thought the physician's delivery in the message matched the message content, and they thought that the messages were informative. These findings will be leveraged to finalize the materials for the primary study in which the impact of video and CA-based messages on patient comprehension of numeric information will be evaluated relative to standard formats used in patient portals.
INTRODUCTION
Learning is vital to health across the lifespan, in part because patients are increasingly responsible for self-care. This is especially the case for older adults, who have more chronic illness, yet fewer cognitive resources for self-care (Morrow & Czaja, 2015) . Because learning is often mediated by technology, success of learning for self-care depends on whether these environments are designed for older adults. Health information technology (HIT) has the potential to improve patient learning by enabling patients to access health information outside the constraints of brief clinical encounters. In particular, information provided through patient portals to Electronic Health Record (EHR) systems are intended to bridge patient self-care at home and primary care providers by ensuring ready access to health information and services. While this access may eventually revolutionize patient care, portals now function more as information repositories than as tools for patient education, and are often underutilized in part because they eliminate the clinical context that can support comprehension. More generally, they are not always designed with the needs and goals of older adults in mind. (IOM, 2012; Morrow & Chin, 2012; Taha et al., 2012) .
Limited numeracy among patients is an important barrier to portal use. For example, federal 'meaningful use' EHR guidelines require health organizations to provide patients results from lipid panel, blood glucose, MRI, and other complex tests through portals (IOM, 2012) . Although these requirements mandate providing patients with this information, there is no corresponding guidance about effective formats for communicating the information to diverse patients. Not surprisingly then, limited numeracy is an important predictor of portal use among older adults, even when controlling for cognitive ability (Morrow & Chin, 2012; Taha, et al., 2012) . In short, technology enables ready access to health information but does not guarantee that the information is cognitively accessible. The goal of our project is to improve comprehension of numeric health information provided through portals.
FUZZY-TRACE THEORY: SUPPORTING GIST-BASED UNDERSTANDING OF NUMERIC TEST RESULTS
Effective presentation of portal information should be guided by theory-based analysis of how older adults understand and reason about quantitative information. Fuzzy-trace theory suggests that verbatim and gist representations are encoded in parallel, stored separately and retrieved independently (Rivers, Reyna and Mills, 2008) . The theory postulates that the simplest representations of choice ("fuzzy" memory traces) are more reliably stored in memory and preferred in retrieval, compared to more detailed and precise quantitative representations (verbatim memory traces) (Reyna et al., 2009) . Gist representations are organized around affective/evaluative cognitive dimensions, and so may be important for motivating behavior as well as for comprehension. This analysis suggests that patients must do more than remember specific numbers to understand their test results. They integrate cognitive meaning ('How great is my risk of stroke given my family history?') and affective meaning ('Is my health threatened?') into a gist that captures the 'bottom-line' for their health and what to do about it. Gist-based understanding may be especially important for older adults, who rely on experience and affect to understand and reason about health information, perhaps to offset age-related limits in numeracy as well as sensory and cognitive declines (Peters et al., 2009; Reyna, 2011) . However, while gist representations may better support decision making compared to verbatim representations, they can be challenging to create (Goldman et al. 2006) . For example, the comprehension of lipid panel results requires understanding several component results with different scales. A higher "low density lipoproteins" (LDL) score means more risk, but a higher "high density lipoproteins" (HDL) score means less risk, and it requires integrating the components information into a global interpretation (high HDL protects against higher LDL). This may help explain why adults generally know little about their current or target cholesterol levels (Cheng et al. 2005; Nash et al., 2007) .
Clinicians are traditionally a key to helping patients create gist representations by providing context for interpreting numeric information. They do so through verbal and nonverbal strategies that help older adults act on as well as understand information, which can improve health behaviors and outcomes (Ambady et al., 2002) . Unfortunately, clinicians do not consistently use these strategies because of limited communication time and training. Currently, portals may exacerbate this problem of limited provider support for patient comprehension because they present numeric information to patients with little context.
IMPROVING PATIENT COMPREHENSION OF NUMERIC INFORMATION FROM POR-TALS
The goal of our project is to improve the use of portal information by older adults with diverse numeracy and literacy abilities, so that portals can better support patient-centered care. We will take advantage of computer-based agents (CA) in order to emulate in portal environments best practices in faceto-face communication that help patients understand health information at a gist level. Members of our team have developed a CA that uses nonverbal cues such as prosody (stress and voice intonation), facial expressions, as well other nonverbal cues to convey affective as well as cognitive meaning (Huang et al., 2009 ).We will refine this CA so that it serves as an expert clinical portal intermediary that provides succinct commentary on risk information. The verbal and nonverbal cues in this multimedia format reinforce each other, and may offset the impact of agerelated sensory and cognitive declines on comprehension and decision making (Van Gerven, Pass et al., 2003) . CA nonverbal cuing of affective information may especially support older adults' intention to act because elders often rely on affective information to make health decisions (Peters et al., 2009) . CAs are more likely than text interfaces to engender social responses such as trust to automated systems. While CAs are used in many education settings, there have been few applications to health care (but see Bickmore et al., 2010) .
In order to create the CA, we first videorecorded a physician in order to provide a template for CA development. These audio-videos will help refine the existing CA. The first planned experiment will compare comprehension and reactions to clinical test result messages presented in the standard, verbally enhanced, graphically enhanced, , with the videorecorded physician serving as proxy for the CA. Later experiments will compare video and CA-enhanced formats. We will compare the impact of standard portal formats (text and numeric) to several enhanced formats on comprehension of lipid and blood glucose test results. In the verbally enhanced format, labels for evaluative categories (more or less risk) that provide context for interpreting the specific numbers will be included. These labels also promote emotional processing of the quantitative information (Peters et al., 2009 ). They may be especially helpful to older adults, who tend to have high levels of verbal ability (Schwartz, et al. 1997 ) and focus on emotional meaning (Charles & Carstensen, 2010) . In the graphically enhanced condition, graphics that convey key relational features (larger/smaller than) that support gist understanding and of risk will be included (GarciaRetamero & Galesic, 2009) . Finally, in the CA condition, the same graphics will be accompanied by a CA that provides commentary about the information, with nonverbal cues (prosody, facial expressions) signaling information relevance and guiding affective interpretation, as in ideal face-to-face communication. The graphics and numbers are also included in this condition, with visual cues that link CA commentary with relevant information in the graphic. The multimedia CA format should be most effective because the verbal and nonverbal cues reinforce each other (Van Gerven, Pass et al., 2003) .
Before conducting the primarystudy, we conducted a pilot study to ensure that the video recorded messages were appropriate for developing a CA for older adults. We evaluated four questions related to the appropriateness and effectiveness of the audio-video messages of a physician delivering clinical test results:
1 Materials. Twenty-four messages that conveyed results from cholesterol and from HbA1c diabetes screening test results were developed in collaboration with two physicians of our partner health care system to ensure realistic clinical content. Messages for diabetes screening test results as well as cholesterol results were developed because type 2 diabetes is a common age-related chronic illness that is often comorbid with cholesterol-related illness. The cholesterol messages described complex patterns of scores on multiple tests (total cholesterol, triglycerides, high density lipoproteins (HDL), and low density lipoproteins (LDL)) that suggested low, borderline, or high risk for cardio-vascular illness. To help patients understand the overall risk associated with each message, the message ended with a summary of the overall risk for heart disease associated with the test scores. There were equal numbers of cholesterol and diabetes messages reporting test results from each level of risk. Because these risk levels depend on patient-specific risk factors (e.g., coronary artery disease, hypertension, family history of heart disease) as well as the scores, we also created patient profiles for each message. The 12 cholesterol and 12 diabetes messages were presented in blocks. Within each block there were four messages at each three risk levels (low, borderline, and high). The messages were recorded by a retired physician, who presented the information as if he were discussing the results and their implications with his patient. Each recorded message was divided in two segments: (a) description of all test result components and the associated level of risk for each component, and (b) an overall summary of risk. In the script for the messages, important information was italicized and the most important/relevant information was bolded to indicate what the physician should emphasize when talking to the patient. Gist comprehension of risk associated with both individual test scores (e.g., HDL) and with the complete message was evaluated. We probed overall risk before as well as after the second part of the message (summary statement) in order to evaluate how well participants could extract overall gist only from the component scores. In addition to overall risk perception, the additional questions probed participants' reactions to each message (ordinal level gist: low/borderline/high; Reyna et al. 2009 ).
2. Affective reactions. Participants indicated their affective reaction to the messages. They indicated to what extent they experienced 7 negative and 7 positive emotions by responding, for each emotion, to a 9-point scale ranging from 1 (not at all) to 9 (very much), as follows: "If you were the patient Sam, how would you feel as you watched this message? Indicate the extent that you felt: (assured, calm, cheerful, happy, hopeful, relaxed, and relieved; or anxious, afraid, discouraged, disturbed, sad, troubled, and worried" (Garcia-Retamero & Cokely, 2011) .
3. Physician Delivery. Participants indicated the extent to which they thought the physician delivery was appropriate for the clinical information that was conveyed (level of risk associated with test results), on a 9-point scales ranging from 1 (strongly disagree) to 9 (strongly agree), as follows: "I think that the way the doctor conveyed the information matched what he said".
4. Satisfaction with the message. Participants indicated the extent to which they considered the information conveyed in the messages was useful, on a 9-point scales ranging from 1 (not at all useful) to 9 (very useful), as follows: "How useful do you think was the information conveyed in this message?" (Garcia-Retamero & Cokely, 2011) .
Procedure. Participants viewed all 24 video messages. Each message was divided into two parts: a) the physician first described the test results, followed by questions about the risk information in the message; b) Then, the summary statement was presented, followed by additional questions about the complete message's content and presentation. 
PRELIMINARY RESULTS
Participants extracted the gist for an overall level of risk from the messages before hearing the summary risk statement (cholesterol: 82% correct, A1C: 83% correct), and hearing the summary statement improved this gist accuracy (cholesterol: 93 % correct, A1C: 85%). The average accuracy for each level of risk is presented in Table 2 . Table 2 . Summary results for average accuracy gist comprehension in each associated level of risk.
The results also suggest that the summary statement improved understanding more for the more complex cholesterol messages than for the simpler diabetes messages. In addition, there was some evidence that messages with more complex test results (indicating borderline rather than consistently low or high risk) were more difficult to understand. As expected, there was some evidence that older adults had more trouble retrieving an accurate gist representation at the component level for more complex test results (e.g. cholesterol) than for the single score (e.g. A1C). For cholesterol test results, however older adults were able to retrieve correctly the gist representation of the total cholesterol score for most of the scenarios, 50% of the scenarios have low scores of accuracy for HDL, 67% of the scenarios have low scores of accuracy for LDL, and 50% of the scenarios have low scores of accuracy for Triglycerides.
Participants' affective responses to the messages were appropriate to the message's level of risk: as the level of risk associated with the test results increased, positive affect decreased and negative affect increased. Similar results were found for both the cholesterol and diabetes measures, as shown in Table  3 . Table 3 . Summary results for affective responses in each associated level of risk Pilot participants also considered that the physician's message delivery (facial expressions and tone of voice) was appropriate for the content of the message (1-9 scale where 9 is very appropriate: mean of 8.6 for A1C messages; 8.5 for cholesterol messages). This result converges with the affective response findings to suggest that the nonverbal cues in the video helped convey the affective gist of the message. Participants also thought that the information conveyed by the messages was useful (1-9 scale: 8.6 for A1C, 8.4 for cholesterol).
CONCLUSIONS
Older adults were generally able to understand the gist of the video test messages for both cholesterol and diabetes tests, especially after hearing the summary risk statement.
Equally important, participants' affective responses to the messages were appropriate to the message's level of risk: As the level of risk associated with the test results increased, positive affect decreased and negative affect increased. The same pattern occurred for the cholesterol and for the diabetes messages. Moreover, participants thought that the physician's delivery (e.g., tone of voice) was appropriate for the level of risk conveyed. These results suggest that participants developed a gist representation organized in terms of affective as well as cognitive dimensions. As discussed, because gist representations are organized around affective dimensions, they may be important for motivating behavior.
In the primary study we will explore in addition to questions about affective responses to the message, questions about behavioral intentions and attitudes toward self-care behaviors (e.g. use of medication, diet, exercise).
In the primary study weThese results suggest that the video-recorded physician is an appropriate template for develop the CA. They also encourage us to further explore formats that could enhance understanding of gist representations at the component level and most important the associations with an overall gist representation.
As a preliminary pilot study, the present findings are limited by a small sample size. However, our intent was not to generalize beyond the sample of participants (and especially not the one clinician), but rather to evaluate the appropriateness and effectiveness of the audio-video messages to serve as the basis for the CA.
